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The custom of using a single word for the name of a mineral, 
which began early in the history of the science of mineralogy, has 
been followed down to the present time, and we may reasonably 
expect that it will continue to be the method of naming species. 
There is no valid reason for departing from this custom and names 
such as cadmium oxide should not be considered as species names. 
It has always been the prerogative of the describer of a new mineral 
to give it a name, without rule or restriction, and, asa result of this 
freedom, mineralogy is burdened with many names which are 
misleading in their import or meaningless to those learning the 
science. Chester in his work “A Dictionary of the Names of 
Minerals” gave in 1896 the origin of nearly five thousand names 
and if this book were brought down to date it would contain 
possibly ten thousand or more names. Many of these names have 
been dropped as synonyms or have become obsolete, yet the list of 
species and varieties still presents a formidable array of names for 
the student of mineralogy to master. There are to date about 
fifteen hundred accredited species but the number of varietal names 
is far greater. Such a heterogeneous lot of names has created the 
impression that any name is good enough for a mineral and little 
thought is given to the future worth of the name. 

The oldest mineral names are mostly of Greek origin, given to 
the mineral in allusion to some particular character or property 
which the specimen possessed. While these names have meanings 
which may have been understood by mineralogists of former days, 
the modern student, without a knowledge of Greek, is confronted 
by and compelled to learn, a host of words meaningless to him. 
Every mineral name can have an attribute which will aid the 
memory, so when wholly meaningless and unfamiliar names are 
used mineralogical science is made that much more difficult t9 
master. The use of names of Greek origin should for this reason 
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be discontinued since it only continues to add valueless names to 
our mineral vocabulary. 

The first departure from this source of names appears to have 
been in the use of mine and locality names. Mine names have little 
to commend them, since mines are of transient existence and pass 
out of memory and the retained mineral name ceases to have a 
meaning. Locality names are of much more value because they are 
more familiar to us, have a geographical meaning to them which 
aids the memory, and inform us of the original occurrence of the 
mineral. Such names are excellent for minerals but unfortunately 
each name is restricted to one species, so locality names can not 
be used for all minerals. We are sometimes in doubt as to whether 
the name is after a locality or an individual; when it represents 
both, as in the case of franklinite, it is an ideal name. 

Chemical names have been proposed for minerals from a natural 
desire to devise names which will indicate, to some extent, com- 
positions, and thus aid in the knowledge of them. There are a 
few cases of the simplest compounds where the name is an index of 
the contents of the mineral, but many of these partially chemical 
names are quite misleading and give us an erroneous idea of the 
composition of the mineral. It is impossible, except by word-build- 
ing, to form single words that will express complex compositions 
and a simple mineral name is preferable to a long chemical name, 
like some of the German word-built names. Mineralogy is better 
off without these partial and unsatisfactory names. It is a science 
which treats of physical as well as chemical characters of minerals 
so there is no reason to prefer an unsatisfactory chemical name for 
a mineral. The frequent use of prefixes like chalco, ferro, natro, 
plumbo, baryto and even the common prefix hydro, has given us 
some curious names whose import is quite different from what the 
name apparently implies. Sometimes varieties are meant, and 
again it is a species name which bears no chemical relation to the 
mineral to which the prefix is added. 

Chalcophanite suggests the presence of copper in the mineral. 
Hydrocyanite does not suggest anhydrous copper sulphate. Plum- 
bogummite is not related to gummite. Ferrite and siderite are used 
indiscriminately simply to suggest the presence of iron, but no 
analogy exists between arsenoferrite, arseniosiderite, calcioferrite, 
phosphoferrite, phosphosiderite, chalcosiderite, plumboferrite, and 
xanthosiderite and we gain very little idea of the compositions from 
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these names. These chemical names on the whole only tend to 
confusion and had better be discontinued. 


Neither names of Greek origin, mine, locality or chemical names 
are adaptable as a single source for the supply of names for all 
minerals. There is left for consideration the other common method 
of naming minerals, namely personal names, given to the mineral 
as an honor to the individual. An ideal name for a mineral should 
possess the following qualifications: (a) it should be familiar to 
mineralogists; (b) it should have a meaning of value to all mineralo- 
gists; (c) it should be an honor to, and enhance the value of, the 
science of mineralogy; (d) it should be applicable to the species 
independent of its origin, properties or localities; (e) it should come 
from a source abundantly able to supply names for the future de- 
scriber of new mineral species. 

It is quite evident that the names of noted persons are the only 
ones which will meet all of these requirements; names proposed in 
honor of those mineralogists, geologists, mineral physicists, mineral 
chemists and mineral collectors who contribute, or who have 
contributed to the advancement of mineralogical science. Names 
such as grothite, breithauptite, penfieldite, hauynite, wernerite, 
and many others famous in mineralogy, mean much more to us than 
mere mineral names. About one-third of the species are personal 
names although some are not names of note. Werner appears to 
have been the one who introduced the innovation of using personal 
names and it has become a favored method and it could be adopted 
as the uniform method and thus raise the dignity of the science. 

Monuments and statues are erected for the purpose of keeping 
within our memory those who have achieved something, and 
mineralogists have at hand the means to perpetuate the names 
of workers in the science and at the same time give the species a 
name known to mineralogists and one worthy of a place in mineral- 
ogical science. All nationalities are represented by these names 
and everybody is satisfied. Since it is a common method in use 
of naming minerals, there is nothing radical in the proposition to 
adopt it as the sole method, which is quite possible, and the science 
of mineralogy would then have a name classification as well as a 
chemical and physical classification. Personal names are advocated 
because they are the only logical and feasible kind adaptable to a 
~ uniform classification. 
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Mineral species might well be named in honor of those con- 
tributors to the past history of mineralogy as well as in honor of 
the living individual. Priority should not be considered a bar to 
the revival of old names which have gone into disuse and liable 
to become lost to the science. Mineralogy needs an international 
group of patriots to sit in judgment on some of our mineral names 
and replace them by worthier names. Surname only should be 
used and it is doing little honor to a person to curtail or otherwise 
mutilate his name when using it as a species name.! 

The matter of naming minerals is in line with the work under- 
taken by the Committee on Nomenclature and it is hoped that the 
members of the committee will consider this suggestion of using 
personal names wholly for future names of mineral species, and thus 
bring some order out of the present chaotic method of naming 
minerals. 


1Tt does not seem as if it could be a great compliment to a friend whose wife’s 
maiden name was Laura to call the mineral laurite instead of lauraite. Afwillite 
will lose its significance as time goes on. Borickite, descloizite,melonite, brookite, 
avogadrite and calaverite are shortened but not improved by the curtailments. Jte 
can be joined to any name and not make it harder to pronouce than some we have to 
contend with. It should be the function of an editor of a publication to refuse a 
partial or misspelled proper name. 
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SEQUENCE OF MINERALIZATION IN THE KEYSTONE, 
SOUTH DAKOTA, PEGMATITES (CONCLUDED) 


KENNETH K. LanpeEs, University of Kansas. 
(Continued from page 530) 


MINERALIZATION 
INTRODUCTION 


It is the thesis of this paper that the mineralization of the Key- 
stone pegmatites was a continuous process, magmatic in its earliest 
stages and hydrothermal in the later stages, with the later minerals 
filling cracks in or revlacing the older. The evidence for this con- 
clusion will be given under the descriptions of the diferent minerals. 
The idea of a distinct succession of minerals in pezmatites was 
advanced by Brogger*® in 1890, who distinguished four epochs of 
crystallization in the pegmatites of southern Norway. But during 
the following thirty-five years very few investigators recognized 
the occurrence of hydrothermal activity subsequent to magmatic 
crystallization in the pegmatites they were studying.”® In recent 
years this conception has been revived and has been the main theme 
of papers by Hess,?’ Schaller,?* Landes,?* and Gillson.*° 

The most detailed application of the hydrothermal theory to the 
pegmatites of the Keystone region was by Hess in his paper on 
the natural history of pegmatites previously cited. Although 
general in its intent the majority of the illustrations depictin3z 
veining and replacement were taken in the Keystone district. In 
1909 Hess described cassiterite at the Etta mine occurring in cracks 
in spodumene and stated that it was evidently of later crystalliza- 
tion. Ziegler reached a similar conclusion in 1914: “Thus many 


% Brogger, W. C.; Die Mineralien der Syenitpegmatit-ginge der Siidnor- 
wegischen Augit-und Nephelinsyenite, Zeit. Krist. Min., 16, 1890. 

2 For an account of the evolution of this idea see Hess, Frank L.; The natural 
History of Pegmatites, Eng. & Min. Journal-Press, 120, No. 8, pp. 289-298, 1925. 
Also Schaller, W. T.; The Genesis of Lithium Pegmatites, Am. Jour. of Sci., 10, 
269-279, 1925. 

27 Op. cit. 

28 Op. cit. Also Am. Mineralogist, 11, Nos. 1 and 3, 1926. 

29 Landes, Kenneth K.; The Paragenesis of the Granite Pegmatites of Central 
Maine, Am. Mineralogist, 10, No. 11, 353-411, 1925. 

30 Gillson, Joseph L.; The Granite of Conway, New Hampshire, and its Druse 
Minerals, Am. Mineralogist, 13, No. 8, 307-319, 1927. 

31 U. S. Geol. Survey, Mineral Resources, 1909, Vol. 2, p. 651. 
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of the large masses of cassiterite found in the Etta and Peerless 
suggest secondary growth and in many cases partly replace accom- 
panying minerals.’’? 

Ziegler was also aware of other evidences of hydrothermal 
activity in this district for in his paper on the differentiation of a 
granitic magma he says: ‘‘The main body of the Peerless and Hugo 
mines is of mica-spodumene type; both, however, have been 
faulted and brecciated in the central portion and up through the 
fissures so developed have arisen the amblygonite bearing solutions. 
Beautiful slickensided surfaces are shown in the Peerless and along 
these the amblygonite is found. At the Hugo there is a huge shoot 
of milky quartz which marginally carries much brecciated material. 
It is in this central portion that the amblygonite occurs.’’% In 
another paper he states that the giant pegmatites grade into large 
milky quartz masses containing amblygonite, tourmaline, and 
apatite enrichment which represent a slightly later stage of crystal- 
lization. These in turn grade into quartz veins.*4 


Criteria of hydrothermal activity 


It is essential in studying the paragenesis of pegmatites to keep 
in mind the criteria of hydrothermal activity so that minerals 
deposited in this manner may be so recognized. Some of these are 
the same as the criteria of replacement. A list of the most im- 
portant ones compiled and used by the writer follows: 

1. The presence of veins of one mineral (or group) through 
another. These may be either filled fissures or replacement veins. 

2. The separation of a single individual by another (cross-cutting 
relationship). 

3. The presence of unsupported and formless minerals in others. 
These are considered to be replacement residuals, especially if any 
parallelism of structure is discernible. 

4. The preservation of pre-existing textures and structures. 

5. The presence of pseudomorphs in the deposit. 

6. Spherical radiation of crystals. Hess®* considers such an 


* Ziegler, V.; The Minerals of the Black Hills, South Dakota School of Mines, Bull. 
10, p. 106, 1914. 

33 Fcon. Geol., 9, No. 3, 264-277, 1914. 

* Lithia Deposits of the Black Hills, Eng. and Min. Journal, 96, 1053-1056, 
1913, 


% Eng. and Min. Journal-Press, 120, No. 8, 289-298, 1925. 
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arrangement proof of replacement because the crystals must have 
been supported in order to so form. 

7. The presence of crystal-lined cavities in the pegmatite. 

8. The zoning of a deposit in such a way that the rarer mineral 
constituents are of greatest abundance in a shoot or pipe connecting 
with the deeper portions of the pegmatite. This shoot or pipe was 
the channelway for the upward working hydrothermal solutions. 

9. The presence among the suspected hydrothermal minerals 
of minerals very often found in veins, such as topaz, cassiterite, 
chalcopyrite, and ldllingite, and of minerals containing large 
amounts of water, such as cookeite. 

10. The presence in the deposit of a mineral in two different 
occurrences. Points on which a mineral may vary are color, 
crystallographic habit, associated minerals, and chemical com- 
position. 

Geological History of the Keystone Region 

The geographical and mineralogical relationships between the 
Keystone pegmatites and the Harney Peak granite lead to the 
inevitable conclusion that the former are offshoots of differentiated 
portions of the Harney Peak granite magma. As has already been 
stated, the origin of this latter mass is a subject of great interest, 
but of such magnitude that it could not be included in the present 
investigation. The Harney Peak granite is a pegmatite of batho- 
lithic proportions. It is probably an offshoot of a magma which 
underwent differentiation at a depth not yet reached by erosion. 
Its method of emplacement was both displacive, as shown by the 
distorted character of the schists surrounding the granite, and 
replacive, as evidenced by the lit-par-lit injection noted by several 
investigators about the margins. The crystallization of the Harney 
Peak magma was accompanied by the rejection of large amounts 
of water, boron, lithium, and the rarer elements. These substances, 
along with not yet crystallized granite magma, escaped upward and 
outward into the country rock, producing the pegmatite dikes 
which abound in this region. 

In all probability the pegmatite magma also both displaced and 
replaced the country rock in making room for itself. It meta- 
morphosed the adjoining rock in a manner already described. At 
the same time it gradually crystallized, becoming a solid rock 
body. Due to quicker cooling near the contact differences in 
~ texture and composition occur in that zone. Adjacent to the 
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contact the size of grain is relatively small, being about the same 
as that of a normal granite. Also in the marginal zone crystalli- 
zation was sufficiently rapid to cause a mineralization more typical 
of the original magma than of the pegmatite which finally resulted 
during this stage. For this reason there is a concentration of 
tourmaline or muscovite, or both, in the border zones of the Key- 
stone pegmatites. Associated minerals are microcline and quartz. 

As crystallization proceeded in the main portions of the peg- 
matite the mineralizers present did not enter in any great amount 
into the minerals being formed. They were again left behind and 
as they accumulated in successively lower levels of the pegmatite 
they worked upward, dissolving older minerals and depositing new. 
At first these hydrothermal] solutions soaked through the peg- 
matite, producing minerals of the intermediate stage. Later, cracks 
developed in the earlier minerals and in these veins were formed, 
with, however, no fine line of demarcation between this stage and 
the preceding one. In some deposits the hydrothermal minerals 
are largely confined t) one portion of the pegmatite which con- 
tained the greatest number of channelways for the solutions. This 
is especially true of the Hugo. 

To recapitulate, four magmas are postulated to have existed in 
the Keystone district: (1) A hypothetical deep-seated magma 
which crystallized and differentiated, producing (2) the Harney 
Peak granite magma which crystallized into the Harney Peak 
“granite” and produced, by residual concentration of mineralizers, 
the (3) pegmatite magma, which followed a similar course and pro- 
duced at successively lower levels (4) hydrothermal solutions 
(very dilute magma) which dissolved and replaced earlier minerals 
of the pegmatite. Each magma contained higher proportions of 
water and other mineralizers than the preceding one (from which 
it was derived) and hence was much more liquid. 

The common primary pegmatite minerals are quartz, microcline, 
muscovite, black tourmaline, apatite, triphylite, and beryl. Min- 
erals deposited during the intermediate stage are spodumene, 
amblygonite, and a later beryl. The greatest variety of minerals 
was deposited (both by fissure filling and replacement) during the 
third or vein-forming period. Important in this group are albite 
(cleavelandite), cassiterite, lepidolite, columbite, and a second 
generation of quartz, muscovite, and tourmaline. During the vein 
period precipitation of new minerals kept up with the dissolution 
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of older minerals so almost no cavities or pockets which are so 
common in the pegmatites of Maine were formed. Supergene 
activity closed the sequence of mineralization with the formation 
of such minerals as purpurite, chrysocolla, and montmorillonite. 

While studying the pegmatites of the Keystone district the writer 
found that the sequence observed in one deposit held true for the 
others, with, of course, some differences in the species present or 
in their relative abundance. Consequently in the following pages 
the sequence is given for the four deposits as though they were one, 
occasionally noting a difference, not in the order of formation, but 
in the relative importance of various minerals. 


Chemical Considerations 

The pegmatite magma expelled by the Harney Peak magma con- 
tained in greatest abundance the common oxides of a granite, 
namely, silica, alumina, potash, and soda. Iron oxide was unusually 
low. In addition to these compounds the so-called mineralizers 
were present in sufficient amounts to enter into some of the com- 
pounds formed during the mass crystallization of the pegmatite 
and to cause and maintain subsequent periods of mineralization. 
Tht elements lithium, boron, phosphorus, and beryllium were 
especially abundant, for they appear both in the accessory minerals 
formed during the primary crystallization of the magma and in 
minerals formed during later epochs. 

The first, or mass crystallization, phase used up most of the 
potash and a good part of the small amount of iron present (in the 
black tourmalines of the border phase). The intermediate phase 
was dominated by lithium (spodumene and amblygonite), with 
beryllium important in a few places. The third stage of mineraliza- 
tion found sodium, which had previously been largely rejected, of 
extreme importance as a major constituent of albite. Considerable 
lithium still remained in the residual solutions as attested by the 
large quantities of lepidolite found in some of the pegmatites. The 
sam1] mount of potash not used by the microcline and muscovite 
of the first stage was taken care of in the third stage by a second 
generation of muscovite. Boron reappeared in tourmaline. Excess 
silica produced quartz veins. Rarer elements appeared for the tirst 
time in the minerals cassiterite, columbite, and tantalite. Iron 
reappeared in léllingite and the presence of this mineral implies a 


3% K, K. Landes; of. cit. 
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dearth of sulphur, with arsenic present in its place. Water, the 
most important mineralizer of all, was undoubtedly present 
throughout the various stages of mineralization in increasing abun- 
dance, but its function was more that of a transporting medium 
than a mineral constituent. 

In conclusion the pegmatite magma was a silica-alumina-alkali 
solution with water and rarer elements playing an important role. 
Of the alkalies potassium was outstanding during the first stage of 
mineralization, lithium during the second, and sodium (with lesser 
lithium) during the third. Phosphorus and beryllium were included 
in both the first and second stages, boron in the first and third, 
and the metals in th. third only (except iron). 


PRIMARY STAGE 


During the first stage of mineralization the pegmatite magma 
crystallized. The unusually abundant mineralizers had very little 
effect upon the composition of the minerals, but they did cause 
the formation of large crystals by lowering the freezing point and 
permitting a longer period of crystallization. As in granite, the 
accessory minerals were the first to complete their crystallization. 
The dominant minerals, microcline and quartz, usually were the 
very last to form. 

TABLE I 
PARAGENESIS OF THE KEYSTONE MINERALS 


Magmatic period Intermediate stage Vein period 


Tourmaline —— 

Muscovite —— 
Beryl —— 

Triphylite —— 

Apatite ———. 
Microcline —_ 
Quartz — 
Beryl ered x 
Amblygonite 
Spodumene 
Tourmaline 
Lepidolite 
Muscovite 
Albite 

Met. minerals 
Quartz 


a ee 
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Minerals of the Primary Stage 


Tourmaline. Tourmaline was one of the first minerals to com- 
plete its crystallization in the Keystone pegmatites, but it re- 
appeared during the vein forming stage. The first generation 
tourmaline is confined to the border zone where it may occur in 
coarse, black crystals with little else present. At the Hugo mine 
this zone is especially prominent with some of the crystals three 
inches in thickness. The crystals are inclined to be stubby, with 
the diameter often exceeding the length. A specimen collected 
from the Peerless consisted almost entirely of the terminating form, 
a steep ditrigonal pyramid. Most of the magmatic tourmaline is 
jet black, but a few crystals are translucent and green or greenish 
blue. The commonest associated mineral is muscovite, and where 
tourmaline crystals are enclosed in books of mica they tend to be 
more transparent. 

Muscovite. Muscovite of magmatic origin may be found through- 
out the pegmatites because the mineral was widespread in its 
original crystallization and also because it was fairly resistant to 
the chemical attack of later solutions. A concentration of mica is 
found, however, near the contact, for like tourmaline the chilling 
of the primary pegmatite magma usually caused the formation 
of large amounts of muscovite. The mica-rich border zones are 
especially well illustrated at the Etta and Hugo. The books are 
moderate in size, the largest approaching a foot in maximum 
diameter and about three inches in thickness. The color varies 
from yellow to silvery white. ‘‘Rulings’”’ are common, preventing 
the securing of flawless sheets of any size. Of the contemporaneous 
mineral associates, quartz, microcline and tourmaline are the 
commonest. Where hydrothermal solutions have been active, 
muscovite or muscovite and quartz may be the only remnants left 
of the magmatic crystallization in which case they will be sur- 
rounded by cleavelandite, lepidolite, and other minerals of the 
vein stage. Many specimens were collected in which cleavelandite 
has replaced part of a book of mica. The plates of albite are almost 
invariably parallel to the cleavage of the muscovite, with many 
of the crystals extending some distance into the mica, replacing 
and merging into a similar thickness of that mineral. 

Beryl. The data in regard to the position in the sequence of beryl 
are less conclusive than for the other minerals. It is quite definitely 
pre-albite, as it is veined by that mineral. It appears to be both 


544 THE AMERICAN MINERALOGIST 


magmatic and intermediate in age. Usually when one mineral is 
formed at two different periods there are distinct differences in 
color, habit, and composition, but this was not true of beryl. At 
the Hugo mine it occurs in abundance with mica in the foot-wall 
zone and similar occurrences have been noted in the other peg- 
matites of the district. The large crystals at the Ingersoll are 
apparently of intermediate age and will be described in the next 
chapter. The color of the Keystone beryl varies between green and 
milky white, but is usually the latter in which case it is very similar 
in appearance to quartz. Well defined crystals are rare. 

Triphylite. A chocolate colored mineral, locally called lithio- 
philite, is abundant in the Keystone pegmatites. A partial 
analysis of this material by Mr. Emmett Beach shows a pre- 
ponderance of iron over manganese, consequently it lies toward the 
triphylite end of the isomorphous series and should be called by 
that name. Ziegler notes that sodium replaces lithium and suggests 
the name soda-triphylite.27, Nowhere could the writer find entirely 
unaltered specimens of this material. The manganese present 
oxidizes very readily and changes not only the color and character 
of the mineral, but also stains the surrounding rock. In fact many 
of the specimens which seemed to be homogeneous proved upon 
microscopic examination to consist of an evenly stained mixture 
of triphylite and cleavelandite. The freshest specimen obtained 
was broken up and the material at the center examined both 
megascopically and microscopically. The color of the fresh fracture 
was a gunmetal blue similar to that of chalcocite, but the streak 
was brown. Two cleavages were noted, one good, the other (at 
right angles) fair. Even this material was almost opaque when 
viewed under the microscope. Light passed through the fine 
powder and the thinnest edges of the grains. The mean index of 
refraction was a little over 1.70. The color by transmitted light was 
reddish brown. 

Triphylite occurs in the main portions of the Keystone pegma 
tites in large masses, some of them several feet across. These are 
without definite crystallographic form. Cleavelandite replaced tri- 
philite readily and is consequently a very common associate. The 
position of triphylite in the sequence was determined by its re- 
lationship to apatite for in one specimen it was penetrated by a 
network of apatite veins. 


7 Quoted by J. Connolly; Proc. S. Dak. Acad. Sci., 6, 40-53, 1922. 
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Heterosite. A single specimen of this mineral was furnished by 
Mr. Hesnard. It is steel gray in color, becoming violet upon ex- 
posure. Grains examined under the microscope were black and 
opaque except on very thin edges. The non-opaque portions 
exhibited the typical pleochroism of heterosite. 

Manganapatite. The apatite of the Keystone pegmatites con- 
tains 2.03 per cent of MnO*® which is enough to classify it as a 
manganapatite according to Dana.’* The mineral occurs in bluish 
green to green masses often several inches across. No crystal faces 
could be found. The commonest associates are massive quartz 
and cleavelandite. The latter cuts through apatite in distinct veins. 
Apatite is pre-spodumene as a smail crystal of spodumene passes 
completely through and separates into two parts a single apatite 
individual at the Hugo mine. On the other hand apatite encloses 
residual masses of muscovite and replaces triphylite so it must be 
later than those minerals. 

Microcline. Microcline and quartz were forming throughout the 
magmatic phase. They crystallized out with the muscovite and 
tourmaline of the border zone and later filled in the spaces between 
the accessory minerals in the central portions of the pegmatite 
(just as they do ina granite). However, microcline was much more 
readily replaced by the later minerals than was quartz, so where it 
happened to be situated in or near the channelways used by the 
hydrothermal solutions it has been largely removed. But in the 
less disturbed parts of the pegmatites, as in the uppermost of the 
three zones at the Hugo, crystals of nearly pure microcline eight to 
ten feet across are found. 

Microscopic examination of a large number of feldspar specimens 
failed to reveal the presence of any orthoclase in the Keytone 
pegmatites. The variety was always microcline or microcline- 
albite perthite. This conclusion has also been reached by Connolly*® 
who has examined a large number of specimens from this locality. 
Perthite is very common and in some instances the albite is so 
coarse that its twinning striae are visible in the hand specimen. 
Microcline is of much the greater quantitative importance, how- 
ever, than is the perthitic albite. 

Usually feldspar was sufficiently late in forming so that it did 
not have space available to form euhedral crystals. However, a 

38 Determined by Emmett Beach. 


39 System of Mineralogy, p. 766. 
40 Op..cit. 
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few were formed and one of these was presented the writer by 
Mr. Hesnard. This crystal is four inches long and 23 inches in 
diameter with a single termination. Only the prism, side pinacoid, 
base, and negative orthodome were present. The prism faces were 
equally developed with those of th2 side pinacoid, giving the crystal 
a hexagonal aspect and causing it to be called a pseudomorph 
after beryl. 

Quartz. The quartz of the magmatic period occurs in large 
anhedral masses. It is the commonest mineral species in the 
Keystone pegmatites. The color is usually milky, but sometimes 
it is clear and occasionally the collector can find a specimen tending 
toward smoky. Rose quartz is rare in this particular locality, but 
it is practically the only mineral present a few miles south at the 
famous Scott rose quartz mine‘! where the pegmatite crops out 
on the side of a cliff and the exposed face measures many feet both 
laterally and vertically. 

The quartz of the primary pegmatite in the Keystone district is 
found associated with all the other minerals of the same generation. 
It also occurs as small residual masses completely enclosed in min- 
erals of later age, such as amblygonite, spodumene, and cleave- 
landite. 

INTERMEDIATE STAGE 

The mineralizers were largely rejected during the mass crystalli- 
zation of the pegmatite magma. Those which were set free in one 
part of the deposit travelled through the already solidified portions 
and replaced the older minerals with new ones. At the very be- 
ginning of this process the residual solutions were high in lithium 
and the deposit was soaked with this element. Thus spodumene 
was formed at the Etta and amblygonite in the other pegmatites. 
In a few places, notably at the Ingersoll, beryllium was con- 
centrated in the residual solutions so a second generation of beryl 
was formed. 

Minerals of the Intermediate Stage 

Beryl. At the Bob Ingersoll mine in the lowermost pegmatite 
there occurs a beryl crystal with a basal section measuring 45 inches 
across. The length is not known. Another beryl almost as large 
crops out in the quarry face in the middle dike. This latter crystal 
completely encloses a small mass of triphylite and a much larger 
mass of microcline. The color is white, sometimes with a pale 
greenish cast. 


“ Sterrett, Douglas B.; U.S. Geol. Survey, Mineral Resources 1908, 2, 836-837. 
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Amblygonite. Amblygonite is found in all the deposits studied, 
but the largest amounts have been found in the Peerless and Bob 
Ingersoll mines. Hess* has described a shoot of amblygonite at the 
Peerless 20 feet wide by 40 feet long by at least 20 feet deep. It 
produced 900 tons of material. The uppermost Ingersoll pegmatite 
contains close to the hanging wall a nearly vertical pipe of am- 
blygonite several feet in diameter. The pipe is largely surrounded 
by massive quartz and the contact between the two minerals is 
very uneven. Blunt points of quartz extend for short distances 
into the amblygonite and often out beyond such a point will lie 
a small isolated nearly spherical quartz mass, like an island in a 
submerged coastal area. On the other hand isolated masses of 
amblygonite do not occur out beyond the amblygonite points in 
the quartz area. Consequently it is believed that the amblygonite 
is replacing the massive quartz and is of later age. Residual masses 
of microcline were also observed in amblygonite. Ziegler has noted 
the presence in the Peerless of slickensided surfaces along which the 
amblygonite is found and therefore believes it to be of later age.* 
Cleavelandite and lepidolite and the other minerals of the third 
stage very definitely vein through amblygonite so it must lie in 
the intermediate class. It formed instead of spodumene when 
phosphorus was plentiful. 

The Keystone amblygonite is white, but with a vitreous luster, 
and sometimes a faint bluish cast which distinguishes it from 
feldspar with its creamy white color. No distinct crystal forms 
were observed. Instead the mineral tends to a nodular habit. 

Spodumene. Spodumene is found in all of the Keystone deposits, 
but the outstanding occurrence is at the Etta. There spodumene 
is one of the most important minerals and its huge elongated 
crystals cover the various faces of the quarry in an irregular pro- 
fusion. The average crystal or “‘log’’ exposed today is from three 
to four feet long and from six to nine inches in diameter, but some 
are considerably larger and in 1904 one was uncovered with a length 
of 42 feet and diameters of three and six feet.4 This is pictured 
and described in an article by Schaller.” The crystals are rectangu- 
lar in cross section with truncated corners, but the terminal planes 
are obscure. Cassiterite is often found deposited along cracks in 


2 U7. S. Geol. Survey, Mineral Resources for 1909, 2, 651. 

4Econ. Gedlogy, April, 1914, pp. 264-277. 

“4 Hess, F. L.; op. cit. 

48 Gigantic Crystals of Spodumene. U. S. Geol. Survey, Bull., 610, p. 138, 1916. 
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the spodumene and is obviously of later age. The mineral decays 
readily, breaking down into a pink or red splintery material (due 
to effect of cleavage). Both Connolly** and Schwartz and Leonard*’ 
have described this alteration and determined that the end product 
is killinite (muscovite). The latter authors conclude “that the 
greater part of the alteration was the result of meteoric solutions, 
but the fact that some crystals in the deeper-tunnels show evidence 
of alteration suggests the possibility of an earlier action, probably 
by hydrothermal solutions.” 

The writer believes the spodumene to be of later age than the 
minerals of the magmatic phase. The evidence for this is as follows: 

1. The spodumene crystals exhibit cross cutting relationship to 
the other minerals in the pegmatites. In the Etta mine they are 
so huge that this characteristic is not easily observed, but in the 
Hugo minea small spodumene crystal passes directly through a large 
apatite individual. 

2. Constancy of diameter of the spodumene crystals in the Etta 
mine is the exception rather than the rule. The crystals thicken 
and thin very irregularly and abruptly. There is no symmetry 
to these changes. One would expect a crystal forming from a liquid 
to grow outward from its axis of elongation evenly, or at least to 
exhibit some symmetry as do the tapering beryl crystals found 
at Buckfield, Maine.** A mineral forming by replacement of pre- 
existing minerals would be expected to grow unevenly due to the 
differences in replaceability of the earlier minerals. 

3. Nearly spherical inclusions of quartz appear within the spodu- 
mene. It is the writer’s idea that these are residual. If, as usually 
held, the spodumene crystals precipitated out from a liquid it is 
difficult to conceive how these masses of quartz could be included. 
If the quartz was crystallizing at the same time one wonders why 
it is not euhedral and how the spodumene crystals had a chance 
to grow to their present size. 

4. Many of the spodumene crystals occur in groups with a ten- 
dency toward spherical radiation. Hess considers such an arrange- 
ment proof of replacement because the crystals must have been 
supported in order to so form.‘* The specific gravity of spodumene 

Proc. S. Dak. Acad. of Sci., 6, 42-45, 1922. 

47 Am. Jour. Sci., 11, 257-264, 1926. 

‘® Landes, Kenneth K.; The Paragenesis of the Granite Pegmatites of Central 
Maine, Am. Mineral., Vol. 10, No. 11, Nov. 1925, p. 369. 

“Hess, Frank L.; The Natural History of the Pegmatites, Eng. and Min. 
Journal-Press, August 22, 1925, pp. 289-298. 
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is 3.2, and crystals of this weight would have a constant tendency 
to sink in a magma which was undoubtedly of a considerable less 
gravity.5° 

5. Veins of spodumene along a face of massive quartz have been 
noted by Larsen.®! 


VEIN STAGE 


After the lithium and beryllium bath aqueous solutions con- 
tinued to work upward through solid pegmatite from the crystalliz- 
ing portions at depth, but by this time contraction and earth 
movements had fractured the deposit so that easy channelways 
were available. These became filled with mineral matter. Replace- 
ment by no means ceased, however, for the veins enlarged them- 
selves by replacing the wall rock and older minerals some distance 
away from the main channelways were impregnated by minerals 
of this stage. The very last hydrothermal solutions were those 
from greatest depth which on account of the distance travelled 
consisted mainly of water and silica. These produced the quartz 
veins. Usually the minerals deposited during the vein stage do not 
occur evenly through the entire deposit, but are more or less con- 
centrated in one part (as in the central portion of the Hugo pegma- 
tite). The minerals of this class are definitely later than those of 
the intermediate and magmatic periods, but the sequence within 
the class could not be worked out with precision in every instance 
because of the paucity of some of the mineral species. The most 
abundant hydrothermal mineral, albite, was not deposited until 
after the earlier part of the vein period. 


Minerals of the Vein Stage 


Tourmaline. The indicolite variety of tourmaline occurs with 
cleavelandite and lepidolite in the uppermost Ingersoll pegmatite. 
It is placed in the vein forming period because of its invariable 
association with these minerals. Complete crystals are rare, 
because they were encroached upon by cleavelandite. However, 
the characteristic striated prism faces are often discernible. The 
color is a dark greenish blue. At the Etta mine microscopic crystals 
of tourmaline are scattered through very fine sugary quartz. Dense 
aggregates of small cassiterite grains are also present. 


69 Connolly, Joseph; Rare Minerals in the Black Hills of South Dakota, Proc. 
S. Dak. Academy of Science, Vol. 6, 1922, pp. 40-53. 
51 FE. S. Larsen, informal communication. 


550 THE AMERICAN MINERALOGIST 


Lepidolite. Lepidolite is most abundant at the Bob Ingersoll 
mine, where the uppermost pegmatite contains a large shoot of 
massive lilac lepidolite mixed with a small amount of cleavelandite. 
In another part of the same pegmatite the indicolite variety of 
tourmaline is also closely associated. At the Hugo lepidolite occurs 
in the middle portion of the pegmatite in large exceedingly dense 
masses. The mineral has also been reported from the Etta and the 
Peerless, but no specimens containing it were collected by the 
writer. Fine yellow and green mica is locally called lepidolite, but 
laboratory examination proved it to be muscovite. Similar results 
were obtained by Schwartz and Leonard® on specimens from the 
Etta mine. 


Fic. 2 


Vein of quartz and dense lilac lepidolite through spodumene. 
Hugo pegmatite. Specimen is 4 inches in length. 


The Ingersoll lepidolite occurs in fine (but not dense) micaceous 
aggregates. Cleavelandite and indicolite may or may not be 
present. When the mineral is alone it has a beautiful deep lilac 
color, but when with indicolite it is usually silvery, as though the 
tourmaline had robbed it of its coloring matter. The Hugo lepido- 
lite ranges in color from white to greenish gray to pink. It is at 
times so dense that the micaceous character is not visible in the 
hand specimen. In that case it can be sawed into slabs and other- 


® Fcon. Geol., 20, No. 7, p. 656, 1925. 
68 Also observed by Ziegler, Eng. and Min. Jour., 96, 1053-1056. 1913. 
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wise worked. A specimen was secured of spodumene cut by a vein 
of dense lepidolite and quartz (Fig. 2). A most peculiar occurrence 
of the Hugo lepidolite is as a replacement of microcline. The mica 
flakes (which in this instance are white) oriented themselves con- 
formably to the cleavage of the host, producing a “ghost” cleavage 
through the resulting aggregate. Specimens were collected showing 
all degrees of this replacement, from an incipient stage in which 
the specimen was dominantly microcline, to the final stage where 
the specimen consisted entirely of lepidolite, but with the micro- 
cline cleavage still visible. 

Ziegler™ states that caesium and rubidium are present in some 
of the Black Hills pegmatites. The specimens collected by the 
writer have not yet been analyzed for these elements. 


Fic. 3 


Vein of quartz and green muscovite through microcline. Ingersoll 
mine. Total length of specimen, 53 inches. 


Muscovite. Muscovite of the vein period is found in all of the 
Keystone pegmatites. It differs from the mica of the magmatic 
period in habit, for it never forms books of any size, but instead 
composes fine grained aggregates. The color is yellowish green or 
greenish yellow. As has already been noted this mica is locally 
known as lepidolite and its occurrence is very similar. A specimen 
collected from the Hugo showed vein muscovite replacing a cleav- 
able mineral (probably microcline) in exactly the same manner 


4 Od. cit. 
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as does lepidolite. A specimen from the Peerless contained yellow 
masses of very dense muscovite. 

Cleavelandite is a practically universal associate of green musco- 
vite. Cassiterite is also often present and the mixture of the three 
minerals is referred to as greisen. The replacement of microcline by 
vein muscovite is well illustrated in a picture published by Hess.® 

Albite. Albite is the most abundant mineral of the vein stage. 
It is found in each of the four deposits studied and in every in- 
stance is definitely later than the minerals listed in the first two 
groups and tourmaline, lepidolite, and muscovite of the third 
group. The most striking occurrence is where it replaces milky 
quartz belonging to the magmatic period. In that case the albite 
cuts through the quartz in a multitude of distinct veins ranging 
in thickness from 1/32 of an inch to several inches. The veins 
ramify in such a manner as to make the aggregate a typical replace- 
ment breccia (see Fig. 5). Hess has pictured a similar specimen 
from the Black Hills in his article on the natural history of peg- 
matites.*®° Such quartz-albite replacement breccia is especially 
common at the Etta and Peerless and at the uppermost Ingersoll 
pegmatite it composes most of the southern part of the outcrop. 

Quartz is by no means the only mineral replaced by albite. Veins 
and apophyses of the latter mineral extend into microcline, apatite, 
amblygonite, spodumene, and many other minerals. The sheet- 
by-sheet replacement of muscovite has already been described. 
The commonest associates of albite are lepidolite, green or yellow 
muscovite, indicolite, cassiterite, and columbite-tantalite. 

All of the albite of this period is the lamellar variety known as 
cleavelandite. Each crystal is tabular and thin and has a tendency 
to join with others in a sheaf-like aggregate. The color is white 
except where stained by manganese solutions from the triphylite 
in which case the mineral may be brown or black on the surface. 

Cassiterite. Cassiterite occurs in all of the Keystone pegmatites 
and many years ago was the cause of much unsuccessful mining 
activity at the Etta. One mass found in this deposit was said to 
have weighed between 50 and 60 pounds.5? No such amounts have 
been found in recent years and the statement made in 1894 that 


5 Eng. and Min. Journal-Press, 120, No. 8, p. 294, 1925. 
5% Op. cit., p. 293. 


y ‘TW. P. Blake; quoted by C. C. O’Hara, South Dakota School of Mines, Bull., 
» 1903. 
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“tin apparently decreases in quantity with depth’”®* was probably 
true. At any rate one can see little excuse for a tin stampede in 
the present exposures of the Etta, for cassiterite is not in the least 
abundant. The collector can expect greater success in searching 
for this mineral in the Hugo pegmatite. 

Cassiterite occurs in the Keystone district in a number of ways. 
One occurrence is in small grains scattered through cleavelandite. 
A second is with vein quartz, but this is of greater importance 
outside of the pegmatites as at Hill City where there are a number 
of abandoned tin mines. A third occurrence is in a greisen, which 
may be composed of green or yellow muscovite only, or mica and 
quartz (both belonging to the vein stage), or these two minerals 


Fic. 4 


Vein containing yellow muscovite, albite, and cassiterite passing through massive 
milky quartz. Ingersoll mine. Length of specimen 3 inches. 


plus albite. The last named is common, and was called albitic 
greisen in the early reports. At the Ingersoll indicolite may also 
be present. A sugary greisen at the Etta contained minute grains 
of cassiterite in a fine quartz groundness in which microscopic 
crystals of tourmaline were also present. A vein containing yellow 
mica and cassiterite is shown in Fig. 4. 

Well terminated cassiterite crystals are not common, but an 
occasional grain will contain a few faces, usually in the prism zone. 
Copper stain, such as malachite, may coat a part of a cassiterite 


58 Morse, A. J.; The Harney Peak Tin Mines, Eng. and Min. Journal, 58, p. 463, 
1894. 
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specimen, in which case the mineral is locally referred to as cupro- 
cassiterite. This name was given by Ulke®® to a light yellowish to 
malachite green mineral with an earthy fracture found at the Etta. 
The supposed formula was 4SnO, plus Cu2Sn(OH).s. Headden*® 
later showed that the composition of this material varied widely 
and concluded that it was an oxidation product of stannite. It is 
highly probable that the copper stain found on the Keystone cas- 
siterite did not come from the cassiterite, but from minute grains 
of intergrown chalcopyrite. The latter mineral occurs in visible 


Fic. 5 


Replacement breccia from Etta pegmatite. Quartz and vein 
albite. Total length of specimen 8 inches. 


amounts in stannite. A yellowish powder found on one specimen 
of cassiterite from the Hugo was highly suggestive of uranium, 
but it did not give a definite bead test for that element. 

Stannite. One specimen of stannite was secured by the writer 
through the kindness of Mr. Hesnard. This was originally taken 
from the Etta pegmatite. A single crystal of the mineral one inch 
long by one-half inch wide is embedded in massive milky quartz. 
The presence of tin and sulphur was verified by a qualitative 
analysis by Mr. Beach. Within and around one end of the crystal 
is chalcopyrite in very fine veins. 


°° Ulke, T.; A New Tin Mineral in the Black Hills, Trans. Am. Inst. Min. Eng., 
21, 240-241, 1892. 
8 Am. Jour. Sci., 45, 105, 1893. 
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Stannite from the Peerless has been analyzed and described by 
Headden.* He determined the formula to be 2RS plus SnS, in 
which R represents copper 3, iron 4, and zinc and cadmium 2. 

Chalcopyrite. The occurrence of this mineral has just been 
described. It is apparently later than stannite, as it occurs along 
the stannite-quartz contact, and in thin veins within the tin 
mineral. Chalcopyrite is one of the very rare minerals of the Key- 
stone pegmatites. 

Lollingite. Lollingite is fairly common at the Peerless. It is one 
of the late minerals of the vein stage, as it cuts directly through 
plates of cleavelandite, its usual associate. The mineral is steel 
gray, crystallizing in long thin tabular crystals which vein through 
the rock joining with other crystals to produce a dendritic effect. 

The analysis of a specimen of ldllingite from the Peerless mine 
by Mr. Emmett Beach follows: 


Fe 26.30 per cent 

Co none 

Ni none Fe:As=1:2 
As 74.01 

S slight trace 

Total 100.31 


Geyerite. A specimen from the Etta furnished by Mr. Hesnard 
consisted of a steel gray metallic mineral surrounded by cleave- 
landite. Its physical properties were the same as those of lollingite, 
but instead of a tabular, vein-forming habit the mineral was 
massive. It was called leucopyrite, but due to the presence of 
sulphur it is more nearly geyerite. An analysis by Mr. Beach along 
with the analysis of geyerite from Geyer, Saxony,” follow: 


Geyer, Saxony Etta mine, S. Dakota 

Fe 32.92 33.62 
Ni _ none 
Co — none 
Sb i DaSi7f none Fe:As=3:4 
Sn — none 
Mn _ none 
As 58.94 56.58 
S 6.07 6227, 

99.30 96.47 


61 Op. cit. 
6 Dana’s System of Mineralogy, 6 ed., p. 97. 
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Columbite-Tantalite. This mineral is common in all the Keystone 
pegmatites. A mass found at the Ingersoll measured 20 inches 
square by 24 inches long and weighed close to one ton. Hess®™ 
describes a mass at the Etta which weighed 600 pounds and it is 
possible that failure to distinguish this mineral from cassiterite 
caused the over-valuation of the Etta as a tin deposit. The com- 
monest associate of columbite-tantalite is cleavelandite. The 
former is scattered through the albite in the same way as cassiterite. 
But columbite-tantalite is rarer in greisen than is cassiterite. Very 
often the mineral occurs wedged into milky quartz or beryl. 

Columbite-tantalite is one of the few minerals of the Harney 
Peak pegmatites to occur in well formed crystals. A large crystal 
in the possession of Mr. Hesnard is completely terminated. De- 
tailed crystallographic descriptions of columbite from the Ingersoll 
and Etta have been published by Blake.® The habit is usually 
tabular, parallel to the (100) face. This aids in distinguishing 
columbite-tantalite from cassiterite. But the most infallible test 
is the streak which for the former mineral is dark brown while the 
Keystone cassiterite gives a very light brown streak. Headden® 
has published twelve analyses of columbite-tantalite from the Etta, 
Peerless, Ingersoll, and Sarah (Hugo) pegmatites. The atomic 
ratios of columbium to tantalum vary from 6 to 1 to 1 to 1. In 
other words all the specimens examined were either toward the 
columbite end of the isomorphous series or they were midway 
between columbite and tantalite. Schaeffer®’ analyzed a single 
specimen from the Etta and found no columbium, but Headden 
has pointed out discrepancies in his results.6* A crude relationship 
exists between the specific gravity of columbite-tantalite and the 
columbium-tantalum ratio. The specimens collected by the writer 
have not yet been analyzed, but according to their specific gravities 
they are all toward the columbite end of the series, except one from 
the Etta which was a little beyond the midpoint toward the 
tantalite end. One specimen from the Peerless was not tested 
because the mineral was distributed through a cleavelandite-green 
muscovite gangue in such fine grains that a specific gravity deter- 


8 Blake, W. P.; Columbite in the Black Hills, Am. Jour. Sci., 28, 340-341, 1884. 
& U.S. Geol. Survey, Bull., 380, 131-161, 1909. 

8 Am. Jour. Sci., 41, 403-405, 1891. 

* Headden, Wm. P.; Columbite and Tantalite, Am. Jour. Sci., 41, 89-102, 1891. 


67 Schaeffer, C. A.; Note on Tantalite, Trans. Am. Inst. Min. Eng., 13, 231-233, 
1884, 


88 Op. cit. 
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mination was not feasible. It was supposed, however, to be nearly 
pure tantalite. In breaking up the one ton mass of columbite at 
the Ingersoll, Blake®® found cavities filled with yellow powder 
pellets that consisted of hydrous uranium oxide. 

Striiverite. A single specimen from the Etta pegmatite containing 
this mineral was secured through Mr. Hesnard. The striiverite is in 
small black opaque grains scattered through a cleavelandite-micro- 
cline-muscovite-spodumene aggregate. It is indistinguishable from 
columbite except by its crystal form, which is tetragonal. Hess 
and Wells’ have described the occurrence of this mineral at the 
Etta in detail. It is found where columbite crystals are sprinkled 
especially thickly through the pegmatite. It contains titanium, 
tantalum, columbium, and iron. The name striiverite is applied 
to the tantalic acid end of an isomorphous series while the colum- 
bium end is known as ilmenorutile. What is probably the same 
mineral was described by Headden and Pirsson under the name 
black rutile.” 

Uraninite. A large specimen from the uppermost Ingersoll 
pegmatite was supplied the writer by the owner, Mr. Denis 
Henault. It consisted of amblygonite and quartz in part replaced 
by lepidolite. Within the lepidolite (and of the same period of 
mineralization) are several small masses of uraninite or pitch- 
blende. Surrounding the black uraninite are yellow and orange 
oxidation products, probably the minerals uranophane and gum- 
mite. The uranium-lead ratio of this material was determined by 
Davis,” which when calculated in terms of age gives the figure 
1,667 million years. Connolly” believes such extreme age to be 
inconceivable for these rocks and suggests that the alteration which 
is quite apparent on the uraninite specimens may be responsible 
for a change from the true uranium-lead ratio because of the much 
greater solubility of salts of the former element. 

Quartz. Quartz veins can be found cutting through minerals 
of the magmatic and intermediate phases in all of the Keystone 
pegmatites. They were especially abundant at the Ingersoll and 
Hugo mines. They are on the whole small, rarely exceeding one- 


89 Am. Jour. Sci., 28, 340-341, 1884. 

7 Am. Jour. Sci., 31, 432-442, 1911. 

71 Am. Jour. Sci., 41, 249, 1891. 

72 Davis, C. W.; The composition and age of uranium minerals from Katanga, 
South Dakota, and Utah. Am. Jour. Sci., 11, 201-217, 1926. 

73 Connolly, Joseph P.; The Tertiary Mineralization of the Northern Black Hills, 
South Dakota, School of Mines, Bull., 15, p. 14, 1927. 
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half inch in thickness, but some can be traced for long distances. 
A number of specimens were collected showing veins of pure quartz 
cutting through microcline, amblygonite and black tourmaline. 
At other times the quartz was accompanied by fine yellowish 
green muscovite and cassiterite, or by dense purple lepidolite 
(Fig. 2). 

Pockets are rare in the Keystone pegmatites, so crystals are not 
common. One specimen, originally secured from the Peerless, 
consisted of clear quartz crystals under one-fourth inch in length 
lining a small vug. The crystals were prismatic with only the 
common forms visible. The remainder of the specimen consisted 
of a dense muscovite-quartz aggregate, with a little residual 
amblygonite here and there. 


SUPERGENE STAGE 


With the uncovering of the pegmatites by the agencies of erosion 
the primary minerals were subjected to supergene alteration. The 
scarcity of iron prevented the formation of any appreciable limon- 
ite gossan. The most active staining agent was manganese oxide, 
derived from the weathering of triphylite. 


Supergene minerals 


Small amounts of purpurite can occasionally be found coating 
triphylite. Schaller’ has published a description of the occurrence 
of this mineral near Hill City, including an analysis and sketch 
of a crystal. Manganese oxide coats both triphylite and surround- 
ing minerals. 

Microcline and amblygonite in the zone of oxidation tend to 
alter to the clay minerals. One clay specimen collected by the 
writer from the Hugo was derived from spodumene, for a number 
of residual fragments of this mineral could be detected under the 
microscope. The main mass, which was yellowish white and 
powdery, was montmorillonite. It was practically isotropic, with 
an index of about 1.55. However, the principal alteration product 
of the Keystone spodumene is killinite, according to Schwartz 
and Leonard.” 

Yellow and orange oxides of uranium coat uraninite and colum- 
bite and occasionally other minerals. Copper present in chalco- 
pyrite and stannite has been oxidized to malachite and chrysocolla 
in the exposed portions of the pegmatite. 


™ Am. Jour. Sci., 29, 152-158, 1907. 
® Am. Jour. Sci., 11, 257-264, 1926. 
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OLIVINE: I. FROM THE HAWAIIAN ISLANDS; 
II. PURE FORSTERITE 


M. AvUROUSSEAU AND H. E. Merwin, Geophysical Laboratory, 
Carnegie Institution of Washington. 


Olivine has several modes of occurrence in the Hawaiian Islands: 
it is an essential constituent of picritic basalts,! and an accessory 
constituent in many basalts of ordinary composition,? where it 
represents the unresorbed residuum of olivine of early crystalliza- 
tion; it forms dunitic nodules or xenoliths, as at Mauna Loa! and 
Hualalai’; it appears as loose crystal fragments at many localities 
on various islands (as in tuffs on Oahu,’ and in the ash plain 
southwest of Halemaumau at Kilauea) which have been more or 
less concentrated from one or more of the sources just mentioned. 

A knowledge of the composition of the various solid phases of 
igneous rocks is essential to a study of genetic relationships. Little 
is known of the compositions of crystals in the Hawaiian lavas 
beyond the nature of the feldspars. Two reliable analyses of olivine 
and one of augite are on record. 

The new analyses presented in Table I, 1 and 2, were made on 
samples furnished by Dr. H. S. Washington. Analyses 3, 4 and 5 
are given to show the similarity of the olivines of Hawaii. 

In the new analyses great precautions were taken in precipitating 
the iron-alumina group, three precipitations being carried out, to 
insure complete separation of magnesia and alumina. In the first 
analysis small amounts of lime and manganous oxide were re- 
covered from the magnesia precipitate; in the second corresponding 
corrections were made. Titanic oxide, chromic oxide and man- 
ganous oxide were determined colorimetrically. Copper was deter- 
mined by the sulfide method, and nickel by the sulfide method or 
by precipitation by dimethyl-glyoxime. Large clear grains were 
powdered for the analyses, and the limiting values of the refractive 
indices were obtained by immersion methods on the powders. 

Two prisms were ground on one of the darkest grains, and 
measurements were made to show the relation of dispersion to re- 


1H. S. Washington; Am. Jour. Sci., 5, 501 (1923); R. A. Daly, Jour. Geol., 19, 


301 (1911). 

2 W. Cross; U.S. Geol. Survey, Prof. Paper 88, 53, 55 (1915); H. S. Washington, 
Am. Jour. Sci., 5, 470, 486 (1923). 

8 J. D. Dana; Characteristics of Volcanoes. New York, 1890, p. 298. 

4 Neues Jahrb.; Beil. Bd., 52, 113 (1925). 
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fractive indices. The measurements fall in precisely with those of 
Ernst! on Icelandic olivines. 
selected grains by suspension in Clerici’s solution. 


CoO 
CuO 
MgO 
CaO 
Na,O 
K,0 
H,0 + 
H,O— 


Sum 


Density 
Refractive 
indices 


0.12 
0.04 
0.16 
0.01 


100.12 


3.35-3.36 
y 1.709 
a2=1.660 


TABLE I 
2 3 
39.54 40.42 
0.09 0.08 
0.66 0.32 
0.13 0.18 
1.03 0.15 
10.87 11.44 
0.13 0.10 
0.38 0.34 
none = 
46.57 47.08 
trace 0.23 
0.46 = 
0.15 — 
0.18 — 
0.04 = 
100.23 100.34 
3.36-3.38 3.369 
1.707 
1.659 


100.05 


Densities were obtained on several 


1. Olivine, eruption of Kilauea, 1789, Hawaii. M. Aurousseau, analyst. Fo 82.7, 
Fa 12.4, A 4.9. (Wt. per cent). 
2. Olivine, eruption of Kilauea, 1840, Hawaii. M. Aurousseau, analyst. Fo 


81.0, Fa 15.4, A 3.6. 


3. Olivine, eruption of Mauna Loa, 1852, Hawaii. G. Steiger, analyst. Fo 81.9, 

Fa 16.2, A 1.9. 
4. Olivine, ‘Sandwich Islands.” F. W. Mar, analyst. Fo 83.9, Fa 14.2, A 1.9. 
5. Olivine, southeastern shore, south of Hilo, Hawaii. S. L. Penfield, analyst. 


OLIVINE FROM THE ERUPTION OF KILAUEA, 1789. The material 
consisted of loose grains 3 to 6 mm. in diameter collected by E. S. 
Shepherd from the plain southwest of Halemaumau. Many of the 
grains showed two cleavages, (010) distinct and (001) less distinct.5 


The color of pieces 2 mm. thick was a dull dark yellow (21% of 
Ridgway). 
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OLIVINE FROM THE ERUPTION OF KILAUEA, 1840. Loose irregular 
dull yellow grains 2 to 3 mm. in diameter in volcanic sand hills 
at the end of the Nanawale flow of 1840, Kilauea, were collected 
by H. S. Washington. 

OLIVINE FROM THE ERUPTION OF MAUNA LOA, 1852. This olivine, 
separated from a fresh picrite basalt, is discussed by Daly.® It 
would be of interest to know how the nickel was determined. 

OLIVINE, SANDWICH ISLANDS. Dana has published two analyses 
of olivine designated as above. One is by F. W. Mar, the other by 
E. O. Hovey.’ The analyses, so far as comparable, are almost 
identical and were probably made on the same material, but Dr. 
Hovey is unable to provide any information on the source of his 
material.* His analysis did not extend beyond the determination 
of silica, iron oxide, and magnesia. Mar’s analysis is complete 
as to essential points and is of superior quality. It is quoted, No. 4, 
Table I. 

OLIVINE, SOUTHEASTERN SHORE, SOUTH OF HILO, HAWAII. 
Penfield and Forbes® have published a determination of the ferrous 
iron and of the optic axial angle of this olivine. 

Discussion. The lavas extruded in 1789, 1840, and 1852 all 
carried olivine as an essential and important constituent. For 
reasons indicated in the opening paragraph, it is most probable 
that the olivines analyzed by Mar and by Penfield were derived 
from similar olivine-bearing basalts of the kind called ‘“‘picritic 
basalt’? by Cross.? The relations of olivine in basalts have been 
discussed by Washington” in his series of papers on the Hawaiian 
Islands. We may state, from the five examples considered, that 
the olivine of the true olivine basalts of the island of Hawaii is of 
fairly uniform composition, and carries regular and easily deter- 
minable amounts of TiOs,"" Cr,O03,41 and MnO. It contains also 
NiO, CaO, and Al,O; in less regular quantities; notable amounts 
of alkalies have been found when sought; copper has been detected 


5 We find no original record of other cleavages in the forsterite—fayalite series. 

® R.A. Daly; Jour. Geol., 19, 295 (1911). 

7 J. D. Dana; A System of Mineralogy. 6th Ed., New York, 1892, p. 453. 

8 Letter of May 16 (1921). 

9 Am. Jour. Sci., [4] 1, 129 (1896). 

10 Am. Jour. Sci., 5, 465; 6, 100, 338 (1923). 

11 The abundant TiO, in Hawaiian lavas goes into augite rather than olivine. 
Cr,O; has been found in about equal amounts in both augite and olivine. See H. S. 
~ Washington and H. E. Merwin, Am. Jour. Sci., 3, 117 (1922). 
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in one sample; and the variability of ferric oxide is especially note- 
worthy.” 

THE OCCURRENCE OF COPPER. Copper was sought in the olivines 
of 1789 and 1840 at the request of Dr. E. G. Zies. There is little 
room for doubt that copper is present in minute quantity in the 
olivine of 1789, as a concurrent determination on a Finnish olivine, 
under identical conditions, gave a negative result. Copper in some 
of the incrustations collected in Hawaii was first noted by Dana,” 
and Washington and Merwin have determined the presence of 
0.94 per cent of CuSO, in aphthitalite from the incrustations at 
Kilauea.“ Ferguson has reported the absence of copper from two 
typical recent lavas of Kilauea.’ 

The presence of such amounts of oxides other than Si02., MgO 
and FeO in olivines raises questions as to the synoptic statement 
of analyses, and as to the applicability of measured physical 
properties to the statement of composition. At the foot of Table I 
the compositions are stated in the form used by Washington and 
Merwin!* for acmitic pyroxenes. After reduction to 100 per cent 
as much of each chief molecule in weight per cent as the silica 
permitted was calculated, in descending order of abundance. 
A represents the difference between 100 per cent and the sum of 
the percentages of the stated molecules. 

In order to have one end member well defined, measurements 
were made on pure forsterite prepared by Allen and Clement!” 
in MgCl, melts. Although the crystals were small, measurements 
of indices of refraction could be made by minimum deviation for 
the brightest mercury lines. With these as guides, measurements 
for weaker mercury and helium lines were then made by covering 
the faces with selected bits of microscope cover glass held on with 
such thin films of a-bromo-naphthalene or S-tetrabromoethane 
that the prism angle was maintained and did not change sig- 


2 F. S. Starrabba argues that in many cases Fe.QO; in olivines has not been 
formed by weathering. (Mem. Ac. Zelanti, 9, 41, 1917). In two of his analyses and 
in one by Dittrich (Z. Krist., 49, 144) of European olivines the following maximum 
percentages of some minor constituents are reported: Fe2O3 5.82, TiOz 1.19, Al.Os 
1.01, CaO 1.00, alkalies 0.42. Dark color is related to ferric iron content. 

8 J. D. Dana; Characteristics of Volcanoes, New York, 1890, p. 73. 

4 Am. Mineralogist, 6, 121 (1921). 

6 J. B. Ferguson; Am. Jour. Sci., 37, 400 (1914). 

16 Am. Mineralogist, 12, 233 (1927). 

17 Am. Jour. Sci., 22, 389 (1906). 
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nificantly during the measurement. Two sets of readings for the 
series of lines were made rapidly in reverse order to insure against 
errors due to shifting of the glasses. Some oriented prisms of large 
angle (ca 70°) were ground. Twelve sets of observations on 8, 
four on a, and five on y were made, and the values in Table II 
are probably correct within +0.00015. 


TasL_e II 
Forsterite Olivine from Fayal 
+2Vv?" 
a B ¥ calc. from a B y 
a,8 andy 
G (431) 1.64924 1.6645+ 1.6829 S572 1.68604 | 1.7061+ 1.7253+ 
Hg 436 1.6486 1.6639 1.6822 1.6853 1.7054 1.7246 
F 1.6431 1.6582 1.6764 
Hg 546 1.6385 1.6534 1.6715 
Hg 578 1.6365 1.6513+ 1.6694+ 1.6709 1.6904 1.7093 
D 1.6359 1.6507 1.6688 g5.1> 1.6702 1.6897 1.7086 
Cc 1.6329 1.6475 1.6655 84.9 
He 668 1.6324+ 1.6470 1.6650 


? Dispersion of 2V as measured by Arzruni! and by Des Cloizeaux,? 2VNa by Magnusson? on nearly 
pure forsterite and by> Bowen and Andersen‘ on pure forsterite accords well with these calculated values. 
(3 per cent by wt. FeO or 3 mol. per cent fayalite increases 2V about 1°.) 

1Z. Krist., 25, 471, (1896). 

2 Mem. Inst. France, 43, 591 (1899). 

3 Geol. For. Forh., 40, 601 (1918). 

4 Am. Jour. Sci., 37, 498 (1914). 


A direct determination of true density by a Westphal balance 
of microscopically clear crystals, made by suspension in Clerici’s 
solution, gave the value 3.223+ .002. 

As previously stated, dispersions of the darkest grains of the 
Hawaiian olivines fall on the dispersion curves determined by 
Ernst on materials containing about 10 to 20 per cent FeO. But 
Ernst’s materials were only incompletely analyzed. 

A single small crystal of very light colored olivine, presumably 
containing much less Fe,O; than the Hawaiian crystals, was ground 
into two prisms to give the dispersions recorded in the last part of 
Table II. Compared with the Icelandic crystals for similar values 
of ap, the dispersions G-D are the same, but for 6 and vy the 
dispersions are 0.0005 less. This is a second indication that the 
Icelandic crystals contained undetermined Fe,O3. The density of 
the perfectly clear prism was 3.452, which falls on Ernst’s curve 
correlating Bp and density. Thus, in such olivines determinations 
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of density and refractive index do not aid in detecting small 
amounts of ferric oxide, but ferric oxide raises the dispersion of 
Band y about four times as much as does an equal weight of ferrous 
oxide.'8 On dispersion, and probably refraction, the effects of 
titania are much like those of ferric oxide, and on these properties 
and density the various oxides of the ferrous oxide group are like 
ferrous oxide. The effects of lime, alumina and alkalies can not be 
stated definitely until more is known about the mechanism of 
their presence in the crystal, but the small amounts which the 
analyses show, together with titania and water, may be assumed 
not materially to modify the properties of forsterite. 

Density and refractive index should be correlated with weight 
per cent of the two oxides of iron instead of weight or mol. per cent 
of fayalite. By combining the data of this paper with those of 
Ernst (and those cited in Ernst’s paper) the uncertainties over 
the range 0 to 20 per cent of these oxides should not be greater 
than +2 per cent of oxides if the physical properties are definitely 
known. Zoning, which is almost universal in rock-forming olivines, 
presents the greatest difficulty to accurate determinations. A special 
study of zoning has been made by H. G. Backlund,'® and S. Tsu- 
boi*® has recognized two sets of zoned olivines in the rocks of the 
volcano Oshima. He states the compositions as Fos7-s: Fai3-19 
for the older rocks, and Fo75 79 Fass 39 for the somma ring. 


18 Compare the dispersions of ferric and ferrous garnets, ferric and ferrous sul- 
fates, siderite and acmite. 

19 See Z. Krist., 56, 440 (1922). 

20 Jour. Coll. Sci., Tokyo Imp. Univ., 43, Art. 6, 1920. 
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PROCEEDINGS OF SOCIETIES 


PHILADELPHIA MINERALOGICAL SOCIETY 
Academy of Natural Sciences, September 6, 1928. 


A stated meeting of the Philadelphia Mineralogical Society was held on the 
above date with the president, Mr. Clay, in the chair. Twenty-eight members and 
two visitors were present. Nominations for officers for the coming year were pre- 
sented. 

Reports of summer trips constituted the program of the evening, and the follow- 
ing accounts were given: 

1. French Creek mines, by Dr. Newcomet. 

2. Franklin, N. J., by Dr. Wills and Mr. Toothaker. 

3. Portland, Conn.; Westfield, Mass.; and Paris, Maine, by Messrs. Weagle and 
Dipple. 

4. Franklin, N. J.; Paterson, N. J.; Bedford, N. Y.; Danbury, Middletown,.and 
Portland, Conn.; Westfield and Chester, Mass.; Paris, Newry, and Norway, Maine, 
by Dr. Gilliland 

5. French Creek mines, by Messrs. Trudell, Knabe, and Frankenfield. 

6. French Creek mines, by Mr. Biernbaum. 

7. Franklin, N. J.; and Easton, Pa.; by Messrs. Biernbaum, Clay, Oldach, and 
Boyle. 

8. Ontario, Canada, localities, by Messrs. Biernbaum, Arndt, Boyle, and Clay. 
An extensive account deferred. 

9. Clay Center and Gibsonburg, Ohio, by Messrs. Cienkowski, Reinitz, and 
Parish. 

10. Paterson, N. J.; Herkimer, N. Y.; Buckfield, Maine, and Montreal, by Mr. 
Cienkowski. 

The society adjourned to examine the specimens exhibited. 

SAMUEL G. GoRDON, Sec. pro tem. 


REVIEWS 


HISTORICAL NOTES OF THE IRON AND ZINC MINING INDUSTRY IN 
SUSSEX COUNTY, NEW JERSEY. Etwoop DeEtos SuustTeER. 47 pps. Frank- 
lin, N. J., 1927. Privately printed. 

Mr. Shuster, who for more than twenty years has been a member of the Survey- 
ing staff of the New Jersey Zinc Co. at Franklin, has brought together in this pamph- 
let a number of facts concerning the discovery, nature, and development of the 
famous New Jersey zinc mines which should be known to every mineralogist par- 
ticularly interested in the minerals of these localities. The material is divided into 
five chapters whose headings indicate the scope of the paper. Chapter I treats of the 
settlement of the region, land titles, and early iron mining from 1664 to 1800. 
Chapter II deals with the ownership, exploration and early mining development of 
Sterling Hill and Mine Hill from 1800 to 1850. In Chapter III there is an account of 
the establishment of the zinc industry and the revival of iron mining‘at Franklin 
_ from 1850,to 1897 when the consolidation of the various interests involved led to 
the formation of the presenteNew Jersey Zinc Co. Chapter IV gives an account in 
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condensed form of the extraordinarily complicated litigation caused by conflicting 
mineral titles which was continued through a period of forty years. Chapter V tells 
of the progress of mining and milling at Franklin from 1897 to 1927, with some 
account of the concentration and metallurgical treatment of the ores. The facts 
here collected from a great variety of sources are not on record in any other publi- 
cation and Mr. Shuster is to be congratulated upon the industry which brought them 
together and the interest which has thus made them available in printed form. 

A few copies of this pamphlet are in the hands of the writer of this abstract for 
distribution. 

CHARLES PALACHE 


HANDBUCH DER BIOLOGISCHEN ARBEITSMETHODEN. Emit ABDER- 
HALDEN. ABT. X, METHODEN DER GEOLOGIE, MINERALOGIE, 
PALAOBIOLOGIE, GEOGRAPHIE, Heft 6. Lieferung 257, EXPERIMEN- 
TELLE MINERALOGIE. Rupotr Gross. Urban & Schwarzenberg. Berlin. 
1928. Price 5 Mk. 


This pamphlet of 90 pages records and discusses in a clear and concise manner 
the various determinable properties of minerals. The subjects covered include 
hardness, specific gravity, crystal forms and their projection, parallel growth, twin- 
ning, etch figures, cleavage, optical properties and crystal structure. The pamphlet 
is illustrated with 63 figures and contains 2 tables. It should serve as a helpful 
summary to any student somewhat conversant with the subjects treated. 

W. F. H. 


DIATOMACEOUS EARTH. Imperiat InsTITuTE. THE MINERAL INDUSTRY OF 
THE BRITISH EMPIRE AND FOREIGN CountRIES. Published by His Majesty’s 
Stationery Office. Price 1s. net. Adastral House, Kingsway, London, W. C. 2. 
Also can be obtained from the British Library of Information, 5 East 45th St., 
New York City. Price 30c, postage extra. 


This is one of a series of reports on the mineral industry of the British Empire 
and other countries. The report on diatomaceous earth covers the general physical 
properties of the material, uses, preparation for market, prices, production, and 
distribution not only in the British Empire but in 24 foreign countries as well. 

Among the uses listed are the following: for heat and sound insulation, filtra- 
tion, as a filler in certain types of rubber goods, in cement manufacture, for absor- 
bent purposes, as a carrier for nickel catalyst in the hydrogenation of oils, as a 
mild abrasive, and for chemical purposes as in the manufacture of ultramarine 
and matches. For filtration purposes an earth that is free from carbonates and 
excessive clay, iron oxide, and organic matter is usually preferred. The function 
of diatomaceous earth for the various uses indicated above is given in considerable 
detail. 


W. F. H. 
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NOTES AND NEWS 
THE COMPOSITION OF MUSCOVITE (FURTHER DISCUSSION) 
A. N. WINCHELL, University of Wisconsin. 


The recent discussion by Mr. Hallimond! of the writer’s theory of the com- 
position of micas of the muscovite-phengite series seems to call for a restatement of 
certain points in order to avoid any misunderstanding. 

The writer has stated before? that “no one has suggested that in muscovite 
proper the K,0:SiO, ratio is not 1:6.’’ He has suggested, however, that this ratio 
is 1:7 in phengite (at the other end of the series). It seems obvious, then, that data 
regarding pure muscovite have no bearing on the question at issue; furthermore, the 
differences between the requirements of Hallimond’s theory and those of the writer 
for micas containing less than 30 or 40 per cent of the phengite molecule are so small 
that present analytical data can not be used successfully to discriminate between 
them; that is, for micas containing less than 30 or 40 percent of the phengite mole- 
cule, the differences are clearly within the limits of error of the analyses (or else 
within the limits of actual and unexplained variations in the micas themselves). 
Therefore the writer disregarded such analyses entirely in his first discussion of the 
question,? and only included them in his second discussion? in order to show the 
“progressive diminution in K,0:SiO, as the magnesia increased,’”’ which Hallimond 
was unable to find. Now Hallimond! averages the results of such analyses in the 
series of Kunitz with the result of his analysis of a phengite and finds in this way a 
confirmation of his theory, since the “‘mean difference of the potash values”’ is only 
1.1 units more than the requirements of his theory. The difficulty with this method 
of calculation is that in using the ‘‘mean difference” (rather than the average differ- 
ence regardless of the sign) Hallimond is (undoubtedly unconsciously) assuming the 
correctness of his theory, and of course computations based on that assumption are 
not competent to test the correctness of the theory. The average difference (regard- 
less of sign) between the results of Kunitz and the requirements of the theory of 
Hallimond is 4.3 units, which corresponds with about 0.5 per cent of potash. The 
average difference between the results of the analyses of Jakob‘ (a series of ten 
analyses of micas of the muscovite-phengite series still more recent than the analyses 
of Kunitz) and the requirements of the theory of Hallimond is 8.6 units, which corre- 
sponds with about 1.0 per cent of potash. The average difference between the results 
of the analyses of Kunitz and of Jakob and the requirements of the writer’s theory 
is 7.5 units, which corresponds with about 0.9 per cent of potash. Since Hallimond 
considers 0.7 per cent of potash too great a mean difference, these average differ- 
ences seem important. 


1 Am. Mineral., XIII, 1928, p. 451. 

2 Am. Mineral., XII, 1927, p. 272. 

3 Am. Mineral., XIII, 1927, p.52. In printing the first complete sentence on page 
54 one line of the manuscript was inadvertently omitted producing a rather obvious 
error. This sentence should read as follows: ‘In the diagram the numbered points 
representing the analyses should lie along the horizontal line to confirm the theory 
of Hallimond; they should lie along the inclined line to confirm the theory of the 
writer.” Also in the last line on page 55 the reference should be to footnote 9 instead 
of 8. 

§ Zeit. Krist., LXII, 1925, p. 443. 
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It seems evident to the writer that the only analyses which are really useful as a 
test of the theories concerned are those of phengitic micas, that is, those of micas of 
the muscovite system characterized chemically by the presence of considerable 
magnesia or ferrous iron and characterized physically by a small optic angle. The 
writer has already called attention to the fact that all analyses of such micas are in 
discord with the theory of Hallimond and that the three modern analyses of such 
micas (one by Penfield, one by Kunitz and one by Jakob) agree well with the theory 
of the writer. It was, of course, these analyses which the writer had especially in 
mind when he wrote that the “theory [of Hallimond] ... . is not in harmony with 
the modern analytical data on the composition of the micas of the muscovite series.”’ 

It is surprising to find that Hallimond! still thinks the writer’s theory involves 
“the replacement RO/R2O;”; also to find that Hallimond supposes the writer 
adopted Hallimond’s ‘‘conclusion that in muscovite RO+R,0; is constant.” As a 
matter of fact the writer has urged that MgSiO; may proxy for AlAI1O; in muscovite 
—an idea rejected by Hallimond. 

Hallimond speaks of ‘‘Winchell’s successive proposals to base formule on (1) 
equality in the total number of atoms, (2) equality in the number of oxygen atoms, 
and (3) equality of molecular volume.’’ The writer regrets that he has so signally 
failed to make himself understood. A review of the writer’s articles will show in them 
not three different proposals, but one theory, which was admittedly unsatisfactory 
in some respects, when first published, and was later modified so as to eliminate the 
unsatisfactory features; the first proposal was not based on “equality in the total 
number of atoms,” but on equality in the number of non-oxygen atoms and approxi- 
mate equality in the size of the non-oxygen atoms (in each case in which one may 
proxy for another), and was admittedly unsatisfactory because the oxygen atoms 
were not equal in number; the improvement in this proposal brought about equality 
in the number of oxygen atoms so as to secure thereby equality in the number of all 
the atoms and approximate equality in the size of each atom which may proxy for 
another; finally, far from basing any proposal on equality of molecular volume, the 
writer has not even mentioned such a conception, but on the contrary is inclined to 
question whether ‘“‘molecules’’ (in the ordinary sense of groups of atoms held by 
chemical forces closer to each other than to atoms of other molecules) actually 
exist in crystals of the inorganic world. 

The writer is pleased to learn that Hallimond now finds that there is ‘‘no diffi- 
culty in writing RO. SiO» as a divalent group resembling ‘basic’ Al,O3,” since this 
means that the proposal that MgSiO; may proxy for AIAIO; is not inconsistent with 
Hallimond’s chemical theory even though it may be inconsistent with one of the 
corollaries drawn from that theory by Hallimond—that is, the idea of the fixed 
K;0:SiO; ratio. 

So far as the theoretical basis of the writer’s explanation of the micas is con- 
cerned, evidence in support of it seems to be accumulating rapidly. The latest 
serious study of the relations between sizes of atoms and isomorphism known to the 
writer is described in an article by L. Royer.’ He investigated experimentally these 
relationships in the halides of all the monovalent metals (including NH.) by deter- 
mining which halides control the superimposed crystallization of others. He found 
that halides of the NaCl type of space lattice do not control the crystallization of 


° Bull, Soc. Fr. Min., LI, 1928, pp. 7-159. 
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halides of the CsCl type of space lattice (and vice versa). He found also that any 
halide controls the crystallization of any other halide of the same type of space 
lattice only in case and in proportion as the space lattices concerned are (nearly) 
the same in dimensions. Since the dimensions of the space lattices depend upon the 
dimensions of the atoms, this conclusion can be stated in the form: any halide con- 
trols the crystallization of any other (of the same crystal type) only in case and in 
proportion as the atoms concerned are (nearly) the same in dimensions. The writer 
believes that the same law applies to isomorphous mix-crystals. 


Attention is again called to the annual meeting of the Society to be held Dec. 
27-29, 1928, in New York City. The December issue will contain a preliminary 
list of titles of papers to be presented before the Society at this meeting. Titles 
of papers should be sent to the Secretary at once to insure their appearance in the 
December number. 


NEW MINERAL NAMES 
CLASSIFICATION OF THE CALCITE GROUP 


G. Br1einE: On the isomorphous mixtures of the calcite group. Mem. Soc 
Russ. Mineral., 2nd series, 56, 3-36, 1927. (Russian with French summary). The 
isomorphous mixtures are classified as follows: 

Binary mixtures: 


Pistomesite (Mg, Fe) CO; 
Oligonite (Fe, Mn) CO3 
Roepperite (Ca, Mn) CO; 
Dolomite Ca, Mg (COs)2 
Monheimite (Zn, Fe) COs 
Baritocalcite Ca, Ba (CO3)2 
Ternary mixtures 
Ankerite Ca (Mg, Fe) (COs)e 


Cobaltsmithsonite (Zn, Co, Mg) COs; 
Quaternary mixtures 
Kutnohorrite (Ca, Mg, Fe, Mn) CO; 
The limiting values as Bilibine would give them are: For binary mixtures not 
less than 25 per cent of the second constituent; for ternary mixtures not less than 


17 per cent of the third constituent. 
W. F. F. 


Alumohydrocalcite 


G. Brure1nE: Alumohydrocalcite, a new species. Mem. Soc. Russe Mineral., 
55, 243-258. 

Name: From the chemical composition of the mineral, a hydrated carbonate 
of lime and alumina. 

CHEMICAL Properties: A hydrous carbonate of lime and alumina. CaO.Al,0s. 
2CO». 5H20. Analysis: SiO, 0.67, TiO: none, Al,O; 28.60, FexO; 0.45, FeO 0.35, 
MnO none, CaO 15. 46, MgO tr., K2O tr., NaO tr., P2Os 0.74, COz 25.20, HxO— 
26.40, H.O+ 2.48. Total 100.35. Easily soluble in acids with effervescence, par- 
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tially soluble in alkalies with the separation of CaCOz. Boiled with water separates 
CaCO; and Al(OH)3. Infusible before the blow pipe. 

CRYSTALLOGRAPHIC PRopERTIES: Monoclinic. Forms (100) and (010). Cleav- 
age perfect parallel to (100), less so parallel to (010). 

PHYSICAL AND OPTICAL PROPERTIES: Color, chalky white to pale blue, rarely 
violet, gray or light yellow. Biaxial with 2V (calculated) 50°-55°. a=1.485. B= 
1.553, y=1.570. Bxg normal to (010). Extinction 7°-10°. 

OccurRENCE: Found in the Khakassky District, Russia, associated with allo- 
phane, volborthite, copper carbonates, cuprite, native copper, limonite, calcite 
and wad, as radiated spherulitic groups or small needle shaped crystals. 

Discussion: Belongs to the dawsonite group of minerals. Formed by the 
action of calcium carbonate solutions on the allophane. 

W..F. F. 


Hydrothorite 


Epwarp S, Simpson: Contributions to the Mineralogy of Western Australia. 
(1) Hydrothorite (Sp. Nov.) Wodgina, N. W. Div. Jour. Roy. Soc. W. Australia, 
13, 37-9, 

Name: From its composition, a hydrated thorium silicate. 

CHEMICAL PRopERTIES: A hydrous silicate of thorium, ThSiO.. 4H20. Analysis: 
(containing a small quantity of a carbonate, phosphate and probably a second 
silicate): SiO, 15.77, ThO2 57.79, Ce203 0.24, Y20; 0.73, UOz none, UO; 2.98, 
Fe,O; none, Mn,.O; tr., AleO; 0.88, PbO 1.25, CaO 1.65, MgO 0.60, K:O none, 
Na,O none, H2O 15.18, CO, 1.50, P2Os 1.33. Total 99.90. Attacked by warm 
moderately concentrated acids with the separation of silica. 

PHYSICAL AND OPTICAL PROPERTIES: Color pale pinkish buff to cartridge buff 
(Ridgeway) when dry, pale orange yellow when wet. Opaque. Transparent under 
the microscope. Isotropic. n=1.638. Strongly radio-active. H= 1-2. Falls into 
small flakes in water. 

OccuRRENCE: [Found in the tantalite bearing pegmatite at Wodgina, associated 
with mackintoshite, thorogummite, pilbarite, albite, quartz, spessartite, mangano- 
tantalite and weathered lithiophilite. It is an alteration product of mackintoshite. 

We Eek: 


Codazzite 


Ricarpo Lirrro Copazzt: Los Minerales de Colombia. Biblioteca de Museo 
Nacional Bogota, p. 94, 1927. 

Name: In honor of the geographer: Augstin Codazzi. 

CHEMICAL PROPERTIES: Carbonate of calcium, magnesium, iron and cerium. 
(Ca, Mg, Fe, Ce) COs: 

CRYSTALLOGRAPHIC PROPERTIES: Rhombohedral with an angle of about 74°. 

PHYSICAL AND OPTICAL PROPERTIES: Color ashy-brown. Luster sub-vitreous. 
Sp. Gr. 2.5. H= 4. 

OccurRENCE: Abundant in the emerald mines of Muzo, Coscuez and Coper, 
Colombia. 

Discussion: (A private communication by the author attributes the cerium 
content to included parisite. Abstr.). 
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